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Abstract Materials and Methods

Sandpineis avery importantspeciesin Florida, producingsignificant
quantitiesoffiber. Thepurposeofthis studywasto developthesite index
andstand-levelgrowthandyield equationsmanagersneedto make
informeddecisions.Datawerecollectedfrom 35 seededplotsof Ocalasand
pinecoveringarangeofsiteindexes,ages,anddensitiesin 1982-83.These
plotswereremeasured5 and 10 yearslater andthedatausedto develop
growthandyield equationsby treecomponent.Equationsfor both current
andfutureyields in volume andweightmeasuresaregiven.These
equationsgaveverygood resultswhentestedby comparingactualyields
with predictedyieldsfor a secondsetof22 sandpineplantationsmeasured
in thepanhandleareaofFlorida.

Keywords:Biomass,growth,site index,survival,yield.

Introduction

Siteswith deep,sandysoils form a small butsignificant land
resource[3.2million hectares(ha)] in the Southeastern
United States.TheChoctawhatchee(Pinusclausavar.
immuginataD.B. Ward)andOcala(P. clausavar. clausa)
varietiesof sandpinegrownaturallyon thesedry, sandysites
in northwesternandpeninsularFlorida,respectively.Many
of thesandysitesin Florida, onceoccupiedby low-quality
scruboaksgenerallyunsuitablefor forestproducts,have
beenconvertedto sandpine.Sandpinehasalso been
extensivelyplantedon sandysitesin GeorgiaandSouth
Carolina(Burns1973,Hebb1981,McNabandCarter1981,
PrestonandPrice 1979).

Producersandmanagersareinterestedin expectedgrowth
andyield for thesesandpinestands.Predictionequationsfor
individual treecontentshavebeendeveloped(McNaband
others1985,Rockwoodandothers1987,Taras1980),but
equationsfor site index(SI) andstand-levelyields from
Ocalasandpinearenotavailable.This paperpresents
equationsdevelopedto quantifySI, treemortality,
abovegroundbiomass,andgrowth andyield for Ocalasand
pine standsin Florida.

Study Area

Ocalasandpinestandswere randomlyselectedto represent
a rangeof standdensitiesandages(table1). Mostof the
standswerelessthan20 yearsold becausefew standsin the
olderageclasses(20 to 40 years)couldbe located.The35
standsin Marion County,locatedin thecenterof Floridaon
theOcalaNationalForest,hadoriginatedfrom direct
seedingafterclearcuttingor from naturalregeneration.
Plantinghadestablishedthe standslocatedin nearby
PutnamandSt. JohnsCounties.Plantedstandslocatedin
thepanhandleareaof westFloridamadeup theremainder
ofthe sample.

Sandpine standsin theOcalaNationalForestandthose
nearbyin PutnamandSt. JohnsCountiesweregrowingon
Astatulaor Paolasandsoils(hyperthermic,uncoated
Quartzipsamments).Thesesoils consistof deep,droughty
sanddepositsfrom formerdunes,offshorebars,andbarrier

TableI—Distribution of 57 Ocalasandpinebiomass
plotsby initial ageandlocationin Florida

Location
(county) 5-10

Age (years)

11-15 16-20 21-25 36-40 Total

Number ofplois

Bay
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Okaloosa
Putnam
St.Johns
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Washington
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Table 2—Coefficientsfor predicting current and future Ocala sand pine stand contentsfor 20
componentsa

Equation parameters

Component al a2 a3 a4 aS R2 b

Stem wood
Vol. I.B. 14.5109 -0.2159
Green wt. 14.4191 - .2154
Drywt. 13.6502 - .2156

Stembark
Greenwt. 12.2919 - .2115
Drywt. 11.7061 - .2118

Stem
Vol. O.B. 14.5251 - .2061
Greenwt. 14.5317 - .2150
Dry wt. 13.7838 - .2151

Branch wood
Green wt. 13.4589 - .2122
Drywt. 12.6711 - .2126

Branch bark
Green wt. 12.7434 - .2103
Drywt. 11.0706 - .2084

Branch
Greenwt. 13.6998 - .2118
Drywt. 12.8516 - .2119

Foliage
Green wt. 12.6991 - .2033
Drywt. 11.7446 - .2031

Crown
Green wt. 13.9931 - .2094
Drywt. 13.1179 - .2096

Tree
Green wt. 14.9283 - .2 128
Drywt. 14.1305 - .2131

0.3858
.3865
.3863

.3914

.3910

.394 1

.387 1

.3870

.3906

.390 1

.3929

.3950

.3911

.3911

.4004

.4002

.3938

.3936

.3899

.3895

1.3508 -4.5843
1.3428 -4.5938
1.3450 -4.5903

1.3290 -4.6798
1.3304 -4.6743

1.3236 -4.5986
1.3462 -4.6081
1.3465 -4.6051

1.3322 -4.6672
1.3345 -4.6581

1.3226 -4.7021
1.3132 -4.7323

1.3301 -4.6754
1.3305 -4.6739

1.2878 -4.7840
1.2867 -4.7853

1.3184 -4.7164
1.3194 -4.7133

1.3352 -4.6556
1.3366 -4.6493

Vol. I.B. = volumeinside bark; Vol. O.B. = volumeoutsidebark.
“Y=a+ln {b *N+c * exp[al +ln(N)~+ln(SI)~+ln(B)a4+a5 ln(1/A)]}withBinm2,nintreesperhectare,

-13.8155andc = 1.

0.9886
.9842
.9841

.9839

.9840

.987 1

.9843

.9839

.9837

.9839

.9833

.9820

.9840

.9836

.9764

.9762

.9828

.9829

.9839

.9840

941.1
1314.2
548.2

627.6
327.8

1728.4
1941.4
875.9

1739.3
706.2

700.4
319.5

2437.6
1025.6

2506.5
982.0

4945.1
2007.5

6887.4
2883.5
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Figure 1—Distributionof seeded(top) andplanted(bottom) Ocalasandpineplotsby initial age,density, andsite index.
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The highR2 is importantbecausesurvivalpredictionis
critical to accurategrowthandyield prediction.

Figure3 showssurvivalcurvesfor six initial densities
rangingfrom 1,100to 18,000treesperha from ages6 to 50.
Survival is predictedto dropsignificantly for initial
densities=12,000suchthatby age50 standdensitiesare
near4,000treesperha.

Basalareaprediction—Asimultaneousestimation
procedurefollowing techniquesof Pienaarandothers
(1990)wasusedto estimateparametersin equations(11)
and (12). Applying model(5), currentsandpinebasalarea
j~ ~2 perhacanbepredicted:

B] = exp [— 0.030 + in (3J)I.3915
+ in (A’)07487 - 16.9491
* (1 / A) - in (NJ
* 1 / A)03357] I 100 , (11)

with R2 = 0.8263,andfuturebasalarea(B2) canbe
projected:

B2 = BJ * exp 1- 0.030 + in (si)’3915
+ in (N2)07487 - 16.9491
* (1 / A2) — in (A~2 * 1 / A2)033571

I exp [- 0.030 + in (Sfl’3915
+ In (NJ)07487 — 16.9491* (1 / Al)

— in (NJ * I / Al)03357] (12)

These two equations are compatible because the projection
equation uses the same coefficients in a different form of
the prediction equation. This ensures that the basal area
projected at age A2 from the basal area at age Al with
equation(12)will bethesameasthe predicted basal area at
ageA2 givenby equation(11)withN2 andSI. Figure4
showsstandbasalareasfor six initial densitiesandfour SIs.

Stand-levelgrowth andyield equations—Standaverage
treecontents(Rockwoodandothers1987)were
successfullymodeledasfunctionsof standbasalarea,SI,
andage.Forexample,a stand’saveragetreeSVOB (in3) can
be calculated:

In (SVOB) = — 13.8155 + in 11.728 * i03
+ exp [2.7610 + in (8)128766

+ in (sfl0438’ — 5.3366
* (1 / A) + in (N)006528])

with R2 = 0.986
n=3525.

Stand SVOB(SSVOB in m3 per ha) (table 2) can then be
calculated:

in (SSVOB) — 13.8155 + in (1.728
* i03 N + exp [14.5251
- in (p.~1)O.2O6 + In (si)0394
+ in (B)’323 — 4.5986
* (1 / A)]} , (14)

withR2 = 0.987.

Usingequation(14) in asimultaneousestimationprocedure,
thefutureSSVOB projectionmodelwasdeveloped:

SSVOB2= SSVOBJ* (u.728 * i03 N2
+ exp [14.5251 - in (N2)~’06
+ In (si)0394 + in (B2)’323
- 4.5996 * (1 / A2)1) / 1.728
* iO~ * NI + exp 18.4808
- in + in

* (1 I AJ)]}) .5986 (15)

Standgrowthandyield modelscanbeappliedto various
basalareas,SIs, initial standdensities,andages.For
example,at SI = 28, standvolumerangedfrom 4 m3 perha
atage6 yearsandan initial densityof 1,100treesperhato
319 m3 perhaat age50with aninitial densityof 18,000
treesperha atage6 years(table3, fig. 5). ForSI = 24 at
age-6densitiesof 1,100and18,000treesperha,the
expectedyieldsare 85 m3 perhaand228 m3 perhaat age
50 years,respectively.At SI = 16,standvolumeranged
from 35 m3 perhato99m3 perha(N 1,100- 18,000)at
age50 years.

Modelevaluation—Model(15)providedgoodestimatesat
the initial andat futureages.In thecaseof SSVOB,
volumespredictedby model (15)weretypically within 5
percentof theobservedvolumes.Usingthe actualdatafrom
the35 OcalaNationalForestplotsto testthe model:

P (SSVOB)= 7.3399 + 0.8767* A (SSVOB),

withR2 = 0.9421.

(13)
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Figure6—(Predicted-observed)versusobservedvolumesin Ocalasandpineplantationplots.

B2 = Bl * exp [4.5785+ in (28)’~” + In (4,408)07487

- 16.949 * (1/18)- in(4,408 * 1 / 18Y333571/
exp [4.5785+ In (28)’~~~~ + lii (5,400)07487

- 16.949 * (1/12) - In (5,400 * I / ~

31.0 m2 per ha, and

c) SSVOB2 exp (-13.8155 + In {1.728 * i0~ * 4,408
+ exp [14.5251- In (4,408Y~’13~ + In (28)0394
+ In (31.0)1323-4.5986 * (11 18)11)

105.2 m3 perha.

For different management objectives, the best stand option
can be selected based on these yield predictions.

Equation (6) can be used to predictstandcontentsfor all
traits that can be predicted on an individual tree basis, i.e.,
the 20 volumes and weights in table 2. By combining
volumes and weights with energy values(Rockwoodand
others 1980), stand energy components can be estimated.
These estimates reflect stand yields possible with the seed
sourcesusedfor directseedingornurserypropagationuntil
the late 1970’s; improvedseedcouldresultin different
patternsof standdevelopment(RockwoodandGoddard
1980).

LOTUS,or EXCEL versionof thespreadsheetfor yields in
metricformat,andK.W. Outcalt,thethird author,will
provideaLOTUS or EXCEL version in English format.
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TableSa—Stemvolume and weight for managedOcala
sandpinestandsby site index 50, age,anddensity

Basal
Age Density area

Stemvolume
OB lB

Stemweight
Green Dry

Trees/ac Ft
1 - - - -Fe- - - - Lb

12 405 18 118 101 7,292 3,413
16 350 26 187 169 1],501 5,410
20 313 31 254 234 15,606 7,357
24 286 36 314 294 19,333 9,124
28 265 40 368 347 22,634 10,689
32 248 42 414 393 25,540 12,066
36 234 45 455 434 28,100 13,280
40 222 47 492 470 30,364 14,353
44 211 48 524 502 32,377 15,307
48 202 50 552 531 34,175 16,159

12 607
16 526
20 470
24 429
28 397
32 372
36 350
40 332
44 317
48 303

22 144 120 8,982 4,193
30 222 198 13,734 6,450
37 298 273 18,392 8,661
43 367 341 22,629 10,671
47 428 401 26,388 12,453
50 481 454 29,699 14,024
53 528 501 32,618 15,407
55 569 543 35,199 16,631
57 606 579 37,494 17,720
59 639 612 39,546 18,692

12 809 24 167 137 10,506 4,295
16 701 34 252 222 15,667 7,349
20 627 42 335 305 20,750 9,762
24 572 48 411 380 25,384 11,961
28 530 53 477 446 29,499 13,914
32 495 57 536 504 33,126 15,634
36 467 60 587 556 36,324 17,151
40 443 62 632 601 39,154 18,493
44 422 65 673 642 41,670 19,687
48 404 66 708 678 43,920 20,754

12 1,012
16 876
20 783
24 715
28 662
32 619
36 584
40 554
44 528
48 506

27 189 153 11,928 5,550
38 280 244 17,418 8,161
46 368 332 22,849 10,741
53 449 413 27,809 13,096
58 520 484 32,218 ~5,189
62 583 547 36,107 17,034
65 638 602 39,537 18,661
68 687 651 42,573 20,102
71 730 695 45,273 21,383
73 769 734 47,688 22,528

Table5b—Stemvolumeandweight for managedOcala
sandpinestandsby site index 55,age,anddensity

Basal
Age Density area

Stemvolume
013 lB

Stemv~eight
Green Dry

Trees/ac FC - - - -Ft’- - - - Lb

12 404 21 139 121 8,619 4,041
16 350 29 226 206 13,891 6,542
20 313 36 309 288 19,017 8,971
24 285 41 384 362 23,663 11,174
28 264 45 451 428 27,776 13,123
32 247 48 509 485 31,395 14,838
36 233 51 560 536 34,583 16,349
40 221 53 605 581 37,400 17,684
44 211 55 644 621 39,905 18,871
48 202 57 680 657 42,143 19,932

12 600 25 168 144 10,455 4,891
16 520 35 266 240 16,410 7,718
20 465 42 360 333 22,223 10,475
24 424 48 446 418 27,501 12,978
28 393 53 521 493 32,178 15,195
32 367 57 587 559 36,296 17,147
36 346 60 645 617 39,923 18,867
40 329 63 696 668 43,131 20,387
44 313 65 742 713 45,982 21,739
48 300 67 782 754 48,531 22,947

12 800 2% 194 163 12,122 5,662
16 693 39 301 269 18,612 8,744
20 620 48 404 371 24,969 11,760
24 566 54 498 464 30,751 14,503
28 524 60 580 547 35,879 16,935
32 490 64 653 619 40,395 19,077
36 462 68 716 683 44,376 20,964
40 438 71 773 739 47,896 22,633
44 418 73 822 789 24,117 18,258
48 400 75 867 834 53,824 25,444

12 1,000
16 866
20 774
24 707
28 654
32 612
36 577
40 547
44 522
48 500

30 217 180 13,665 6,373
43 332 294 20,589 9,663
52 442 404 27,395 12,894
60 543 504 33,594 15,836
66 631 593 39,096 18,446
70 709 671 43,945 20,746
74 778 740 48,219 22,773
78 838 800 52,001 24,566
80 892 854 55,363 26,161
83 940 903 58,369 27,587

013 outsidebark; 113 = insidebark.013 outsidebark;lB inside bark.

13



Table5e—Stemvolume andweightfor managedOcala
sandpine standsby siteindex70,age,anddensity

Basal
Age Density area

Stemvolume
013 lB

Stemweight
Green Dry

Trees/ac Fl’ - - - -Ft’- - - - Lb

12 400 29 221 199 13,565 6,382
16 346 41 371 347 22,804 10,762
20 310 50 515 489 31,737 14,995
24 283 57 643 61.7 39,816 18,822
28 262 63 759 730 46,958 22,206
32 245 68 859 830 53,238 25,181
36 231 71 947 918 58,765 27,800
40 219 74 1,024 995 63,651 30,115
44 209 77 1,093 1,064 67,991 32,171
48 200 79 1,154 1,126 71,870 34,009

12 600 34 262 234 16,182 7,602
16 520 48 434 402 12,596 10,317
20 465 59 598 565 36,918 17,433
24 424 68 746 712 46,155 21,810
28 393 74 877 842 54,327 25,683
32 367 80 991 957 61,514 29,088
36 346 84 1,092 1,057 67,841 32,087
40 329 88 1,180 1,146 73,434 34,737
44 313 91 1,259 1.225 78,404 37,092
48 300 94 1,329 1,296 82,845 39,196

12 800 39 298 262 18,440 8,652
16 693 54 485 448 29,976 14,124
20 620 67 666 627 41,178 19,435
24 566 76 829 789 51,326 24,245
28 524 84 973 932 60,309 28,503
32 490 90 1,098 1,058 68,211 32,248
36 462 95 1,209 1,169 75,169 35,546
40 438 99 1,306 1,267 81,320 38,461

44 418 103 1,393 1,354 86,787 41,052

48 400 106 1,470 1,432 91,672 43,367

12 1,000 42 329 288 20,482 9,600
16 866 60 531 487 32,851 15,469
20 774 73 725 680 44,884 21,175
24 707 84 900 855 55,795 26,348
28 654 92 1,055 1,009 65,457 30,928
32 612 99 1,190 1,145 73,958 34,958
36 577 104 1,309 1,265 81,445 38,507
40 547 109 1,414 1,370 88,065 41,645
44 522 112 1,507 1,464 93,949 44,434
48 500 116 1,590 1,548 99,207 46,926

013= outsidebark; 113 = insidebark.
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Sandpineisa very importantspeciesin Florida,producingsignificantquantitiesof fiber.
Thepurposeofthis studywasto developthesiteindexandstand-levelgrowthandyield
equationsmanagersneedto make informeddecisions.Datawerecollectedfrom 35
seededplots of Ocalasandpine coveringa rangeof site indexes,ages,anddensitiesin
1982-83. Theseplotswereremeasuretl5 and 10 yearslaterandthe datausedto develop
growth andyield equationsby treecomponent.Equationsfor both currentandfuture
yieldsin volumeandweightmeasuresaregiven.Theseequationsgaveverygoodresults
whentestedby comparingactualyieldswith predictedyieldsfor a secondsetof22 sand
pineplantationsmeasuredin thepanhandleareaof Florida.
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